Introduction and Background

Metals pollution in surface waters from point and non-point sources (NPS) is a widespread problem in the United
Toxicity Modelling
Setting of metals criteria has been complicated by the focus of regulators on a single total concentration value for each metal of concern without understanding the many confounding factors affecting metals toxicity. Most published experimental data for metals has shown no correlation between total metals concentrations, by themselves, and toxicity (Di  Toro et 
Stream Modelling
Geoenvironmental Modelling and Site Characterization
In addition to these more conventional models, descriptive models of the environmental behaviour of different mineral-deposit types, or geoenvironmental mineral-deposit models ( They provide information on potential environmental effects of unmined mineralized areas, and on mine sites and mineral processing sites, based on empirical data from geologically similar sites. Metals of potential environmental concern and characteristic wastewater compositions in these areas can be anticipated using GEMs (Plumlee et al., 1999) . Acid-generating and neutralizing potential also can be forecast for different mineral deposits, and bioaccessibility of metals can be assessed. While not a substitute for sitespecific data, GEMs can guide acquisition of traditional data by defining critical geologic variables and identifying primary potential environmental impacts (Schmiermund et al., 2006) . GEMs can highlight environmental challenges associated with particular mineral deposits, which impact permitting, developing and closing mines. 
Workshop Discussion
Past environmental impact statements (EISs) for hardrock mines, in which water quality impacts were characterized and predicted using modelling and experimental work, were reviewed by Kuipers et al. (2006) . Methods, models and associated uncertainties for predicting water quality at hardrock mines and used in these EISs were also summarized (Maest et al., 2005). Of the 71 mines reviewed, nearly 90% had some type of site-specific geochemical characterization of waste piles in support of their EISs. Most characterizations combined static (single snapshot), kinetic (long-term and time-variable) and short-term leach tests to evaluate waste contamination potential. Over 50% used numerical modelling to predict water quantity, quality or both. None used what could be considered a comprehensive watershed model; however, various components of small watershed dynamics were modelled using combinations of focused hydrologic (e.g. HEC-1, MODFLOW) and/or water quality (e.g. PHREEQC, MINTEQ) models. Of the 15 mines with exceedances of surface water quality standards, no exceedances (given the planned mitigation) were predicted at 11 sites at the time of the EIS. In other words, nearly 75% 'got it wrong' using a variety of predictive methods. One recommendation was that proprietary models should not be used to support EISs because they are generally not available for review by others. A process scheme was also recommended for developing mining site models in support of mitigation planning. A key to successful modelling of these sites is a quantification of uncertainty (Kuipers et al., 2006) . One primary question is 'are existing metals modelling tools good enough?' to meet the needs of the regulatory, scientific and engineering communities tackling metals contamination problems. The consensus was that existing stream modelling tools are, for the most part, 'good enough'. The lumped K D approach is probably valid over a narrow range of systems, possibly including those where precipitation reactions are not dominant. However, the more sophisticated alternatives (e.g. META4, OTEQ) are generally adequate for systems that fall outside this range. Nonetheless, these models and codes are 'living' tools that continue to be updated and enhanced. In this vein, the term 'model validation' was discouraged as it implies a final 'stamp of approval' for a model to be used without the discretion required. 'Model evaluation' may be more appropriate for describing the broad approach of applying, testing and refining these models and codes for better performance with time and for evolving needs.
While the necessary numerical tools may be available, data to adequately test, evaluate, parameterize and further refine these models are severely limited. The rate of model development has outpaced supporting data collection, primarily due to cost and other resource constraints. In particular, there has been little opportunity to perform 'post auditing' on models and codes due to a lack of both long-term data sets and funding. Future efforts should focus on data collection, as well as experimental controlled studies, designed specifically to test, evaluate and better parameterize existing modelling tools. The concept of a 'study' watershed for collaborative, long-term model development and evaluation was discussed. General lack of support from agency management and decision makers for model application and evaluation, due to a number of factors, was also a major impediment to further successful model development and use.
Existing watershed models and codes need further testing and evaluation using real data. However, collection of such data is more complicated for watersheds compared to streams. There are more parameters to quantify, and many of these, such as antecedent soil conditions and groundwater organic carbon concentrations, are difficult to measure. Truly calibrated watershed water quality models are hard to find in past work. One approach for watershed model calibration and evaluation utilizes output probability distributions as a basis of comparison rather than single-scenario, deterministic results. Bioavailability of predicted concentrations should also be included in such evaluations. Tracers, both added and natural, may assist watershed model calibration as they can help define both hydrologic pathways and specific contaminant sources.
Improvements in the use and accuracy of numerical models for mining-impacted and mountain areas are needed. Such models should guide sampling programs, and model development and testing should iterate between modelling and data collection. Models and codes should also be applied and evaluated more often, with the proper empirical support by the regulatory community. Skepticism needs to be overcome through further model evaluation, education and increased interaction between scientists/model developers and regulatory decision makers. Well-executed modelling studies have the potential to contribute to greater success and long-term cost savings in monitoring and remedial activities. As a component of these activities, the cost of the modelling can be a fraction of the total investment.
Conclusion
Other significant points include the following:
ž Hg, which has garnered a lot of attention by USEPA recently, is in a 'different category' than other metals. It is more complex, requires significant research and model development and also needs additional data collection for model development and application. ž An inventory, and comparison, of both available metals modelling tools and available data sets would be very valuable. ž DOC is an often-overlooked parameter in data collection, given its importance to metals modelling and toxicity assessments. ž Modelling programs are valuable tools for interpreting existing data and understanding processes, in addition to projecting future conditions. ž USEPA should identify 'benchmark' models/codes and ensure their maintenance, documentation and updating.
